INTRODUCTION {#sec1-1}
============

Where nonsurgical intervention is not possible, or it will not solve the problem, surgical endodontic treatment must be considered. This can be defined as an endodontic surgical procedure which involves root-end resection, apical curettage, and root-end filling.\[[@ref1]\] Because most endodontic failures occurs as a result of leakage of irritants from pathologically involved root canals, the root-end filling materials should provide an apical seal to an otherwise unobturated root canal or improve the seal of existing root canal filling materials and be biocompatible with the periradicular tissues.\[[@ref2]\]

Once the root-end preparation has been completed, a suitable root-end filling material must be chosen. According to Gartner and Dorn,\[[@ref3]\] an ideal material to seal the root-end cavities should prevent the leakage of microorganisms and their by-products into the periradicular tissues. Numerous materials have been suggested as root-end filling materials\[[@ref2][@ref4]\] like Gutta-percha (GP), amalgam, polycarboxylate cement, IRM cement, EBA cement, Cavit, glass-ionomer cement, composite resins, mineral trioxide aggregate (MTA) and Portland cement (PC).

Many investigations have compared MTA as a root-end filling material with other currently used materials, and numerous investigations have proved the biocompatibility and superior apical sealing capacity of MTA when compared with other root-end filling materials.\[[@ref4]\]

MTA was given approval for endodontic use by the USA Food and Drug Administration in 1998.\[[@ref5]\] Two commercial forms of MTA have been available in either the grey or white forms. Recently, MTA-Angelus (Angelus Solucoes Odontologicas Londrina, Brazil) has become available. The use of MTA as a root-end filling material was identified because the material is the hydraulic cement that sets in the presence of water.\[[@ref6]\]

MTA materials are a mixture of refined PC and bismuth oxide and are reported to contain trace amounts of SiO~2~, CaO, MgO, K~2~SO~4~ and Na~2~ SO~4~. The major component, PC, is a mixture of dicalcium silicate, tricalcium silicate, tricalcium aluminate, gypsum, and tetracalcium alumino-ferrite, although to a lesser extent. Although, the physical properties and biocompatibility of MTA are well documented, there have been fewer studies evaluating the white MTA (WMTA). Also, studies comparing the properties of grey MTA (GMTA) and WMTA with PC had conflicting results.\[[@ref7]\]

In view of above goal of searching an ideal root-end filling material, the present *ex-vivo* study was undertaken to analyze the marginal adaptation of three different root-end filling materials of MTA family, that is, GMTA, WMTA, and PC (Birla white, UltraTech Cement Ltd., India) in terms of length and width of the gap between the material and root-end dentinal wall using scanning electron microscopy (SEM).

MATERIALS AND METHODS {#sec1-2}
=====================

Sixty human single-rooted teeth, freshly extracted for periodontal cause at the Department of Oral and Maxillofacial Surgery, Dr. R. Ahmed Dental College and Hospital, Kolkata, were selected. Teeth were stored in a solution of 2% formaldehyde after cleaning in distill water. Teeth were excluded having an immature apex, root fracture, root resorption, multiple canals on radiograph and with significant apical curvature.

Selected teeth were decoronated with a low-speed diamond cutting disc to create a standardized length of 14 mm. The root canal preparation was done with ProTaper rotary system (Dentsply) and irrigation was done with 0.5% sodium hypochlorite during preparation, followed by AH Plus (Dentsply India Pvt., Ltd.) sealer application within canal and obturation with laterally condensed GP After obturation, teeth were stored in 100% humidity for 48 h to prevent fragility. Then, 3-mm segment of root-end was resected perpendicular to the long axis of root using a diamond bur, followed by root-end cavity preparation (3 mm depth and 1 mm diameter) with a \#170 fissure bur under water spray, followed by drying with paper points.

Sixty teeth were randomly divided into three-group of 20 teeth each and named as Group G (GMTA), Group W (WMTA) and Group P (PC). In all groups, the material were mixed according to manufacturer\'s instructions and placed in the cavity by a carrier and condensed thoroughly with a plugger, leaving a little additional material above the cavity margins and finally, used the burnisher for removal of excess material. Then, teeth were stored in 100% humidity at 37°C for 24 h to allow complete setting of the materials.

Now, each root was resected longitudinally with the help of low-speed diamond disc into 2-halves (40 specimens in each group). After mounting each specimen on aluminum stub sputter coated with gold with the help of equipment, they were assessed using SEM at ×100 and ×400. The higher magnification was used to make the measurements more convenient. The maximum value of width and length of gaps in both sides of each half of the specimen was measured and recorded separately. Finally, the mean overall gap was calculated for each group separately by taking the mean of their combined (additive) mean length and mean width.

Descriptive statistical analysis was performed to calculate the means with corresponding standard errors, median, and ranges. Also, one-way analysis of variance (ANOVA), followed by Tukey\'s Test was performed with the help of Critical Difference (CD) or least significant difference at 5% and 1% level of significance to compare the mean values. *P* \< 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

The SEM observation of the longitudinal sections of the root-end-filled teeth revealed the existence of gaps between the retrograde material and dentinal wall in the majority of cases. Variations were observed in these specimens in terms of the width and length of gaps.

Gap (in terms of length) on both left and right side of the groups {#sec2-1}
------------------------------------------------------------------

The mean length of the gap in Group G was 414.28 μm. This was less than Group W (645.46 μm) and Group *P* (608.54 μm). Although, GMTA had a better length-wise adaptation than other materials, there was no significant difference between the three groups (*P* \> 0.05).

Gap (in terms of width) on both left and right side of the groups {#sec2-2}
-----------------------------------------------------------------

The mean width of gap in Group W was 15.88 μm, which was less than Group G (19.54 μm) and Group P (26.00 μm), but there was no significant difference between the three groups (*P* \> 0.05).

Overall gap (in terms of combined length and width) in the groups {#sec2-3}
-----------------------------------------------------------------

The mean of the overall gap in Group G was 216.91 μm. In Group W, it was 330.67 μm and in Group P, it was 317.27 μm. Although, GMTA exhibited a better marginal adaptation than the other materials, there was no significant difference between the three groups (*P* \> 0.05).

The distribution of mean overall gap, ANOVA test, CD, and difference of means and level of significance as shown in Tables [1](#T1){ref-type="table"}--[4](#T4){ref-type="table"} respectively. Also, the graph for distribution of mean gap (in terms of the overall gap) has been shown in the [Graph 1](#G1){ref-type="fig"}.
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DISCUSSION {#sec1-4}
==========

The surgical endodontics is often chosen when it would otherwise be difficult or impossible to clean and shape the root canal system or where there was irreversible change in the periradicular tissues that could not be resolved by a nonsurgical approach.\[[@ref8]\] The main objective of a root-end filling material is to provide an apical seal that prevents the egress of bacteria and the diffusion of bacterial products from the root canal system into the periapical tissues.

It has been shown that MTA allows regeneration of the periradicular tissues rather than repair.\[[@ref9]\] In-vivo studies have shown that, as a root-end filling material, it has the capacity to induce bone, periodontal ligament and cementum formation.\[[@ref10]\] MTA also has potential bactericidal effects due to its release of hydroxyl ions and the production of a high pH environment.\[[@ref11]\] Another advantage of MTA is its ability to set in the presence of moisture. It has been suggested that MTA has many of the properties of the ideal root-end filling material.\[[@ref12]\]

PC contains the same chemical elements as MTA, except that MTA also contains bismuth.\[[@ref13][@ref14][@ref15]\] This has generated interest in the evaluation of PC as an alternative to MTA. The biocompatibility of MTA and PC has been compared, and both materials were found to be biocompatible.\[[@ref16][@ref17]\]

Both MTA and PC are bioactive materials. The biocompatibility of the materials had originally been attributed to the chemical similarity to tooth hard tissues namely calcium phosphate. The similarity of action of both MTA and PC to calcium hydroxide had been postulated.\[[@ref18]\]

In a study conducted by Holland *et al*.\[[@ref19]\] showed that MTA and PC have similar comparative results when used in direct pulp protection after pulpotomy. They revealed that tissue reaction to MTA and PC was the same. On histomorphological analysis, there was a complete tubular hard tissue bridge in almost all specimens.

Several studies have indicated that MTA exhibits significantly less leakage than the other materials.\[[@ref20][@ref21][@ref22]\] Because of the similarity between the components of MTA and PC, it would be expected that these materials have similar properties and effects.

The quality of apical seal obtained by root-end filling materials has been assessed by studies using dye penetration, radioisotope penetration, bacterial penetration, electrochemical means, fluid filtration technique, confocal microscopy and SEM, but none of these studies confirmed a correlation between marginal adaptation and micro-leakage.\[[@ref23]\] Yoshimura *et al*.,\[[@ref24]\] Abdal and Retief\[[@ref25]\] and Xavier *et al*.\[[@ref26]\] found a lack of such a correlation, whereas Shani *et al*.,\[[@ref27]\] Stabholz *et al*.\[[@ref28]\] and Torabinejad *et al*.\[[@ref23]\] agree with this correlation.

Marginal adaptation of retrograde materials has been investigated in several studies. Moodnik *et al*.\[[@ref29]\] in a SEM study in 1975 reported that the gap between amalgam and dentinal walls was 6--150 μm. As per a study by Torabinejad *et al*.,\[[@ref23]\] they compared the marginal adaptation of various retrograde materials (MTA, Amalgam, Super-EBA, and IRM) and concluded that MTA has the best adaptation.

In the present ex-vivo study, the SEM observation (at ×100 and ×400) of the longitudinal sections of the root-end-filled teeth of three-different groups for the marginal adaptation revealed the existence of gaps between retrograde material and dentinal wall in the majority of cases \[[Figure 1](#F1){ref-type="fig"}\].
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The present study exhibited a larger mean of gap size than the study of Shipper *et al*.,\[[@ref30]\] possibly because of the difference in the method of sectioning. Shipper *et al*. sectioned the specimens after blocking, but in the current study sectioning was done without blocking. The force and vibration due to sectioning may cause increases in the mean gap size.

As per study of Xavier *et al*.\[[@ref26]\] who evaluated the root-end sealing ability through dye leakage and the marginal adaptation through SEM of some root-end filling materials (MTA-Angelus, Super-EBA and Vitremer), showed significant differences among the three materials in relation to the sealing ability. Concerning marginal adaptation, MTA-angelus presented the best results.

Matt *et al*.\[[@ref31]\] also showed GMTA demonstrated significantly less leakage than WMTA. Conflicting results have been reported by Islam *et al*.\[[@ref7]\] who compared in-vitro sealing ability of GMTA, WMTA, grey PC (GPC) and white PC (WPC) when used as root-end filling materials. None of the teeth in any of the test groups showed leakage beyond the retrofilling and they concluded that considering low cost of PC and apparently similar properties, it is reasonable to consider PC as a possible substitute for MTA in endodontic application. However, they suggest that further tests, especially in-vivo biocompatibility tests, need to be conducted before recommendation of PC as clinical use.

A study by Shahi *et al*.,\[[@ref32]\] compared the marginal adaptation of four root-end filling materials (WMTA, GMTA, WPC and GPC) using SEM they used the ultrasonic tips to prepare the root-end cavity and after root-end filling, they decoronated the teeth samples. After that, they assessed the gap (distance between the material and root dentinal wall) at four corners of each sample under SEM with ×16 power. Their result demonstrated statistically significant difference just between GMTA and GPC groups. Although, the marginal adaptation in WMTA group was better than WPC, but there was not statistically significant difference between them.

Here, in this study, the gap (in terms of maximum length and width) was measured between material and dentinal wall on both the sides (right and left) of specimen after longitudinal sectioning of prepared teeth under SEM at ×100 and ×400. The higher magnifications were used to record the measurements more conveniently.

The results as per observed by Shahi *et al*.\[[@ref32]\] is in support with the results of this study as there is no significant difference between the marginal adaptation of three groups, that is, GMTA, WMTA, and WPC, although, they demonstrated statistically significant difference just between GMTA and GPC groups.

However, most studies were carried out in the controlled laboratory conditions without any contamination. A recent study by Milani *et al*.\[[@ref33]\] was carried out to evaluate the effect of exposure to blood on marginal adaptation and surface microstructure of MTA and they concluded that exposure to blood during MTA setting had a negative effect on marginal adaptation of MTA.

The interaction of MTA with different types of storage media should be considered in studies on the physico-chemical properties of biomaterials. Several investigations showed the formation of apatite crystalline structures as a result of the interaction between MTA and synthetic tissue fluids such as phosphate-buffered saline solution (PBS) which might increase the sealing ability of the biomaterials.\[[@ref34][@ref35][@ref36]\]

Considering the marginal adaptation of MTA to root dentin, a recent study\[[@ref37]\] using microcomputed tomographic analysis has shown that the type of application technique (either orthograde or retrograde) do not significantly improve the dentin-MTA adaptation, instead with the use of 17% EDTA, a significant improvement could be achieved. In this study, a significant difference in the gap volumes was observed between retrograde MTA (RMTA filling without etching) and etched RMTA (ERMTA) (etching before retrograde filling) where etching significantly improved the MTA-dentin adaptation.

Besides marginal adaptation, when considering other physico-chemical properties, a recent study by Dorileo *et al*.\[[@ref38]\] resulted that WPC had the highest solubility, while MTA-based cement had lowest values, and there were no differences among the pH and electrical conductivity analyses. Also, WPC showed highest dimensional alteration value and only MTA-based cement met the ANSI/ADA recommendations regarding radiopacity. Therefore, it can be simply stated that cheaper PC is having inferior physicochemical properties in some aspects than costlier MTA and inferior marginal adaptation than GMTA yet nonsignificant as shown in the present study.

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, GMTA showed the best adaptation to root dentinal wall compared to PC and WMTA. But still, other factors which may enhance the marginal adaptation of these materials should also be considered. Being biocompatible and cheaper, the PC can be an alternative but not a substitute for MTA.

It would be better to perform some additional in-vivo studies to prove the efficacy of these materials, especially the PC since, under natural surroundings, these may have some effects over their long-term marginal adaptation.
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